SUMMARY Hearing, speech, and language were studied in 26 children who survived severe perinatal asphyxia. The results of hearing tests showed that most children had a favourable outcome. Only 1 child had sensorineural deafness. Hearing loss in 6 others was due to middle-ear disease which resolved after treatment, and on retesting was found to be normal. The study also showed that neither gentamicin treatment nor incubator noise seemed to affect hearing. The results of speech and language assessment were less encouraging and about one-third of the children without serious mental or physical handicap had deficits in speech and language. It is suggested that the quality of life in such children could be improved if these deficits were detected early and adequately treated.
The introduction of intensive care treatment to ill newborn babies has ensured that more of them survive. Among the many developments in this area has been skill in resuscitation and mechanical ventilation, but there remains concern that the quality of life in some survivors may not match the expectations of their parents. There is greater awareness that minor mental and physical disabilities may cause clumsiness, deviant behaviour, or learning difficulties. It is also apparent that in some children with deafness there is a history of various perinatal conditions-such as low birthweight, asphyxia, or jaundice.' 2 The prevalence of speech impairment and language retardation in schoolchildren has been reported,3 4 but the relationship of these to perinatal conditions has not been clearly indicated. Environmental causes operating in later infancy and childhood may be responsible for some such cases but in others the origin is probably multifactorial.
A group of babies who had suffered severe perinatal asphyxia was followed up and we report the results of hearing tests and assessments of speech and language, and compare their neurological status in later childhood.
Methods
Subjects. Twenty-nine babies born at St Mary's Hospital, Manchester, between 1973 and 1976, had received intensive resuscitation for at least 10 minutes before spontaneous regular respiration could be established. The birth scores were 0, or 1, at one minute of age. Details of the mother's antenatal history and labour were obtained from the obstetric case notes. Gestational age, calculated from the first day of the last menstrual period, had been checked by reference to uterine size, fetal biparietal diameter, or bone age. The baby's condition at birth, details of resuscitation, and the subsequent progress in the neonatal period were obtained from the case notes. The clinical progress of each baby had been followed by regular examinations, and by the relevant laboratory or radiological investigations. Information about the number of days each baby had been nursed in an incubator and about gentamicin treatment was obtained from the case notes. After leaving hospital the babies were followed up at an outpatient clinic by one of us (S W D'S). Three babies were lost to the study because their parents had moved to another area and could not be traced.
Of the remaining 26 Neurological findings in later childhood. After their discharge from hospital all 26 babies were followed At age 31 years he could recite nursery rhymes, and count to 10, in English.
Five (Cases 1, 3, 7, 12, and 15) of the 24 children tested had delayed language development, 3 (Cases 23, 24, and 26) had speech defects, and I (Case 11) child had no speech due to gross physical handicap.
Discussion
Estimates of hearing loss in Britain vary from 1 * 4 to 49 per 1000 children.' In this study, the incidence of sensorineural deafness was 1 in 26, and in a previous study7 it was 1 in 29 cases. Thus, the incidence of sensorineural deafness in survivors after severe perinatal asphyxia is 4%. The patient reported by Thomson et al.7 had bilateral deafness with a 50 dB loss from 400 to 8000 Hz. She had made average progress in a normal school without the use of a hearing aid. Our patient had bilateral hearing loss at frequencies greater than 500 Hz (Figure) . He has been fitted with a hearing aid and is receiving a normal education.
The possibility that perinatal asphyxia causes sensorineural deafness finds some support from observations made at necropsy. Hall"8 reported lesions in the dorsal and ventral cochlear nuclei and in the cochlea. The babies we studied were probably in terminal apnoea at birth, and assuming that the effects of asphyxia after birth were minimised by skilful resuscitation, subsequent neurological sequelae-including sensorineural deafness-may be related to the severity of intrapartum asphyxia. Thus, of the 2 babies with an absent heart beat and without any other vital signs at birth, one (Case 24) had sensorineural deafness in later childhood, and the other (Case 11) had spastic quadriparesis and athetosis. Brain We examined the frequency of sensorineural deafness in gentamicin-treated patients, and in cases that had not received treatment, but there was no appreciable difference. The drug had been administered in accordance with the regimen described by Milner et al.,20 3 mg/kg intramuscularly initially followed by 2 mg/kg 8 hourly, but serum gentamicin levels had not been measured. Milner et al20 reported a mean (± SE) gentamicin level of 5 0 ± 0 5 ,ug/ml 1 hour after the first injection, 1I9 ± 4 Fg/ml just before the second injection, and on the third day 1 9 ± 0 3 ,ug/ml just before an injection, and 5 1 ± 0 5 ,tg/ml 1 hour after injection. In one study, on the long-term effects of gentamicin administered to newborn babies, Elfving et al. 21 followed up 28 babies for 2-3k years. Two children had vestibular dysfunction, but because of the complicated clinical histories it is difficult to evaluate the cause and effect relationship.
Serological tests for rubella had not been carried out in early infancy since there was no history of maternal rubella during pregnancy, or clinical evidence of congenital rubella in any of our patients. In the one child with sensorineural deafness urine had been cultured for rubella virus after the results of audiometric testing were known, but no viruses were cultured and the serological test was negative.
We investigated the possibility of familial deafness in the patient with sensorineural deafness. Information obtained from parents, grandparents, and 1st-degree relatives did not point to any familial reason for the deafness. There is evidence from experiments on animals that incubator noise has a damaging effect on the sensory cells in the cochlea22 and it has been suggested that incubator noise may to some extent determine the higher incidence of deafness in children of low birthweights. The highest noise level in the incubators we studied, 78 dB C, is comparable to that reported by Douek et al. It is possible to implicate hearing losses in 3 children with speech and language deficits, and in a further 2 children such deficits were due to severe mental and physical disabilities. Cases 7 and 24 had hearing losses which might account for their language difficulties. Case 23 with articulation difficulty had long-standing middle-ear disease but he also appears to have hydrocephalus; his head circumference had been >97th centile between 1 and 10 months postnatally. The problem with his speech is on the output side (comprehension is within normal limits) but both the above factors could be important, interacting to give poor control of movements allied to reduced auditory experience. Cases 4 and 11 had severe degrees of physical and mental handicap, sufficient to account for lack of speech.
In the remaining 3 cases there is no obvious reason for speech and language deficits. Case 26 had a dental /s/ sound and reduced consonant clusters.
These defects fell into the 'immature' or 'almost mature' categories, which may be part of a normal developmental process and could be expected to disappear in time. The remaining 2 (Cases 1 and 15) children were outside the defined normal limit on the Expressive Language scale only, but there was no obvious reason for this.
Most children surviving severe perinatal asphyxia do so without severe physical or mental handicaps,72526 but we have also shown that about one-third of those surviving without handicaps had deficits in speech and language. Such deficits may not be apparent to parents, or to those seeing children regularly at local welfare clinics. The quality of life in such children might be improved if speech and language deficits were detected at an early age and adequately treated. 
